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DESCRIPTION 



MASKUeS® QPITCAI, iNTERj^OMEIRIC LtTHOGBRAPHy 



Tecbnical Domain of the inventt on 



This inveation addresses the optical oiigination, teough 
inteiferanefiic lifliogiaphy, of optical dements endowed witli optiiman 
characteriistics to sec?uiely proteot prodads and documents a^inst foigeiy and 
coimteifeiting. 



Backgrotjnd of phe B^fVENrroN 

Intfttfeiometiic litiiogiaphy is one of the most flexible tools to 
generate miciostmctui^ tha^ by diffiaction, produce polychiomatic beams with 
spectral and angulai propeities of iiiq>oi:taiice for optical securi^ devices [11] 



The way such mxcrostractare dif&acts l^t depends, on the one 
hand, on fhe shape, dimensi<m and position of the light souroes and, on the othei' 
hand, on the shape and dimensions of tiie spatial domain where inteif^nce takes 
place [12 and 13]. 



Many implementations of inteiferometric lithogtaphy have been 
described. The most zmpor^t aie: 
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> point light sources piucbicing sphmical divetgent waves, or plane waves 

obtained afiei colliroation, tbe position and orientation of wluch can be 
contiplled, the inteiference pattern being confined to the iaateiioi of a mask 
placed as close as possible to the plane of the photosensitive emulsion, typically 
of pfaotpgi^hic nature; 

two spherical waves interfering on their conmion focal volumes, said 
waves being formatted and shaped by two oi more lenses pioperiy located and 
adequately phased. 

In fte fizst case, a non pixelaied pattern is cieated. This type of 
iniplementation can be found in patents [3 to 6]. Li the second case, the 
inteiference is restricted to dots of controlled shape, the pbcels, usually arranged 
in random, polai or rectangular format This type of itc^pletaeatation can be found 
in pate^its f7 to 10]. In the pixelated case, there is an ineflBdcnt utilisation of the 
photosensitive area, as fee quality of fee interfOTnce pattern - consequently the 
naiCTo-relief that k generated afler chemical or fejennal ptx>cessiiig - sttongly 
depends on tbe Gaussiaa character of the laser beam. It is possible to overcome 
this pioblem by masking the Gawssian beam, using only fee central part of it, but, 
in this case, the amount of available energy to expose the emulsion is reduced, 
leading to longer exposuies.. Visually, unless fee density of dots is very high, fee 
pbcelated chwactar is always, visible, even if it does not jeopardise fee quality and 
fee security of fee device . The larger fee density of pixels, fee longer win be the 
time needed to complete fee ©cposuie of all pixels that build up fee desired 
shqje. Manufactming time is thus proportional to fee total numbei of pixels., 

In bofe cases, fee inteifeience pattern is veiy simple, basically 
consisting of quadratic fiinges that can be approximated in most of fee cases by 
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Itaear and paiallel fiinges. Diffiraction by linear phase giatiags k well known, 
and the ojptical effects that can be d>tained are Imrited [12] . 

In^laiie hologiaphy (or focused holography) is a technique to encode 
images holbgtaphically, by aeating an in-focus real image (object beam) on tfie 
photosensitive plane and introducing a lefexence Beam - typically plane or spheiical - 
thus geneiating an intaference pattern v/ithindie area covered by the object beam [14] 
On reconstitidiosEv die spectial and angulai piopeities of the difeactcve beam are o£ 
inteaest. The pioblem with focused hologiaphy is that if the aiea of interest is to be 
covered by a seveial pattens^ say H each point receives energy ficom &e reference 
beam N times, which severely degrades die modafetion of the niioosttTicture and 
leduces the diffraction efficiency, thus actually destroying it as a secuiity device. If, 
somehow, the reference beam could be lestrictBd to &e exKt area of the otject beain, 
this problem, would be overcomie.. One way to solve the problem is to place a mask 
with the d^rred ^pe in the image pUne, as dose as possible to the emolsion to avoid 
dif&actton problems. The problem wife lids technique is fiiat an tiie masljs for the 
different patterns must be predsdy aligned and separated feom die emulsion with a 
thin layer of an optical Hquid (to match the refractive index), maldng it very difficult 
(or even in^osaible) to use when a large nunnbei of masis is lequired. The total 
amount of time needed to complete the creation of the optical element is, in this case, 
proportioiial to the number of patterns (i .e. masks) needed to define fee element image 

I^fVEwnoN Explanation 

This invention shows how ing>lement optical systems that ensure 
focused hologaphy for an arbitrary mmabei of polygons that fiilly cover fhe finaj 
desired image (corcposed of several patterns), using interfexence beams maldng 
an adequate angle, without the need of physica! masks located near the image 
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plaae, while eDsaiing a pxooessiiig dine proporticHial to the monb^ of coloms 
specified for the lefeimce georaetiy- 

Ihe xiiventidtt is based on a well known pxincipie of photogr^hy to 
detezmine how a viewmg cameia fociases whsn both the oljeot and fee image 
pltoe ate tilted with lespectto fee optical axis of the lens: ftie Scheimpflug Rule 
[1, 2 and i5]» This rule, which is a necessary condition for focusiog - meaning 
&at there are many ways to adjust &c cameia satisfying the rule but not ensumig 
focusing - needs to be complOTiented by a second necessary condition, the ffinge 
Rule: vdien both .xnles are satisfied, the cameia will be in focus [2]. M it is well 
known, dif&action efiFects me nrininrised when the image is precisely focused. 

The Schemffflug Rule is based on Descurgues theorem [16] and 
states that the object plane, the image plane and &e *1ens plane** should intersect 
on a common line.. The Hinge Rule is similai, stating thai the object plane, the 
plane thiou^ the "centre" of the lens aiKi parallel to the image plane and itie 
object focal plane should nrfcersect along a common Ime. 



Mathematically, it is possible to obtain fiom figure 1 the following 
equations, tije first representing the Schetmpflug Ride and &e second ftie Hinge 
Rule: 

tan{<x) ^y'o tan(a) ^ / 

tan(P) tanO) s^--/ 

P and a aie the tilting angles of the object and image planes wifii respect to the 
normal to the optical axis of the corresponding Icts subsystem, so and s*a ate tile 
object and image distances, respectirely, and / tiie focal length of the lens. 
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- i«ru C4uau«n5 are comomea, tHe lens eqaation [17] is 
obtained, showing fliat whea bo&tules at« satisfied, the cameia is focused 

These simple loles must be slightly modified fin ftick leases vrifh 
Don-^upeiiposed oT>ject and image pintapai planes. It can be easfly demonstrated, 
xising the lens equation, that 

• tflied object and image conjugated planes intersect the object and image 

piinc^al planes at the same distance fiom the optical ajds, thus effectively 
splitting the Schaiiq^ne Ime into two parallel lines, one in each princqjal plane 
(figure 2). 

ifae tilted object place, Ihe object focal plane and the plane pataflel to the 
image plane ^ough the object principal point aU intersect on the object Hinge 
line; in adcfition, the tilted image plane, flie image focal plane and the plane 
parallel to the object plane through the image principal point inteisect on flie 
image Hinge line; both Hmge lines aie parallel; they win be at the same distance 
fitan the optical axis vrhea the axial magnification is w„ = -s'Js^ » - i (figuie 3). 

In a tilted image plane configuration, flie magnification is not 
unifomi across flie field. For example, in order to get similar image and object 
dimensions, the axial magnification should be set to m = -1 by ensming fliat bodi 
axial object and ftnage distances me set to 2/, / being the fbcal length. When flie 
image and object planes are tflted, as we move away fiom the optical axis, the 
magmfication changes because the object point and image point distances vary. 

rhe known nan-unifonn magnificatioai can be con^jaisated by a 
pie-distoition of the object input, at the object plane. This compensation can be 
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made digitally. It can be shown that the magnification between tilted conjugated 
planes is desczfoed by (figure 4): 

mo is the axial magnification, a:' is the in-plane distance fiom the qptical axis, / 
the focal length and the tilting angle of the image plane with respect to the 
noimai xo the optical axis of the coiresponding lens subsysifim. For ev^ 
position in the horizontal axis of the image plane, the magnification wfll be the 
same in &e vertical line that crosses it. 

It should be noted that centially symmettic conjngates are not 
necessay, although such a crafigaration minimises distortion. It may be 
mtM:estmg or necessary to change the danension of the image withiespect to the 
object^ and distances should be esteblished accoiding to the paraxial equations of 
geomeftic optics.. 

Figure 5 iltastiates for thin lenses one possibility to actually 
mgjlement focused hologiaphy wifli equal fcnnat object and reference beams; 
changes should be obvious for thick lens^ Two optical channels satisfying the 
Schehnpflug and the Hinge Rides are conoposed of two tilted object physical 
locations Bl and B2 and two identical lenses Ll and L2 that create real 
superimposed images on tiie final common tttted mjage plane (Al and A2). The 
two objects must have the corr^ orientation and pre-dktortipn to conect the 
non-uniform magnification in ordei to correctly superirrpose the two images. 
Ihe points SI and S2 i^esent the intersection pomts cornplymg with the 
Schetnq>flug Ride. 
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Tbe opticsal beams propagating along the two ogticat channels 
inteifere. md fli© int^erence pattrai is lecottfea iii a phc^bsensitiye material- 
placed, in . flie iinag^ plaie (Ar^). Eiom an optical point of view, it should be 
sfressed iiiat ^te: locsd inteiference angle changes fiom point to point, that 
conq>Iex injage waves Cnot jiBt: simple spheical wav«i) are inteifemig and that 
flie.infaferencejwttem is naicli nipte complex than a, simple linear pattern. 

the ^lea^ grating .peiipd of (he. inteiferrace pattern d^oiids on file, 
mean angle between the two optical cfianiisls. By canttoffimg such mean, angle, ft 
is posable to ccmtool the geonjetiy of 6bs«aEvati<ai and; liie way flie different 
wanrelengths (colOHis) change when that geometry changes. It is also possiHe 
defiiie a reference geometiy (with a paitjcular iltatminaati an ^e of 
iDraniaaiion and an angje of observation) and, fer that patttedar geqmetiyi 
colopis ctaresponding tp. grating p^iibds and otieirtatians, The objec* is 
composed of an edVelopifs of .2D pq^ygoos, each one with its; owti colour for *e 
lefeuence geoindry. NeverthdesSi the pveiatt number of colours is always mudi 
smaller than the mmiber of polygons. The (HiBEbrent colours of all the 2D 
pdlygmis. rsstilt fern, different grating orientaiions.. to obtain diiietent grating 
otienteticais, this objects and the photosensitiye mateiial m the. image plane 
should be rotated aroimd . the nom^ to the im^ plane. 

the: object cm be on display, on any kind of device ttwt encodes the 
desired otgect distribution. As stated before, with photp^aphio-masks thrae is the 
problem of aligning every new masfc .This problem is overccane if the. object is 
displayed on a; Spatial lAgjit Modulator' (SLMp that needs to be a%ned only 
once, dUowijig all the ejip<»ures to take place in fest sequence. The system must 
use laser light md the way die beani is introduced into ttie system depeads oa flie 
nature of the di^Iay (jceftec^ye or tcansim'ssive). 
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In the image focal plane of each optical channel (Fl and F2). 
perpendiculai to the optical axis of Hie coreesponding iens, a Pouiier plane is 
avaflable for optical filteiiag, ±m allowing the control of the object spatial 
fiequendes ty phase or amplitnde Slteiing. 

The: finest detiail of flie final image dqpoufe only on die object 
jSnest detail and the optical setup magmfitratjon 



In a seccmd confignratiQn, only one physical object location has to 
be selected and two images of it are created. The systeax is more wjmpact, easy to 
align and easy to control. Figure 6 des<aibes the changes, nsing a reflective SLM 
to display the object and the conespondii^ setiq). 



A filtered cpllimated laser beam (J) enters the system. Afiei 
reflectioa on the plane raiirar: (M), flie beam is redirected to flie leflective SLM 
(B), whae &e object disttibutkai is encoded, flins modulating the an^jlitode of 
flie beam (If.. The modulated beam is then split by beam splitter (BS) into two 
peipendicalai beams. A critical alignment is required to «isuie that flte diagonal 
of the BS is >within the symmetry plane of the oveiaE optical setup. Afinois Ml 
and M2 redirect light to the leas, creating two diflfeient viitnaJ images of the 
object, in the same object positions as described in figme 5 



As it is not possible to the change spatial orientation of one optical 
channel without changing tihe othei foi the same tilt angle, the image given by 
one channel will be aymmetiical with respect to the otiier. If Ae object has 
horizontal symmetry the overi^jping is peifect (figure 7a). For nrai-symmetric 
objects, it is necessary to conqjensate the lack of synmietry (figure 7b), for 
exan^ile, by crealmg a new symm^c <*ject fliat results fiom joining the <tesiied 
object with is symmetric image (figure 7c}. We thus overcome fee problem wifli 
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the cost of redacing the size offhs oiiginal object by 50% (region of inteiest in. 
figure "7o). 

The optical beanis propagating along tiie two optical chaniiels 
interfere and ibs interfeii^ce pattern is recoided in a photosensitive mafttial 
placed in a controlled lotational stage in ie image plane (A). Hie centre of 
rotation should be tiie centre of Ihe bnagc for symmetric objects or ihe centre of 
one of Uie two images fox nim-symmeliic ones.. The convenieat spatial frequency 
filtering masks are located in the Fouriei planes (F 1 and F2), 

To coirtrol tfw idative intensity betweai tiie final interfering 
b«ams, if is possible to add nential density filters., A most adequate way is to use 
polarised laser light and split the beam according to the polarisation, dnw using 
all the avaflable energy. In figure 5 a filteied, polansed and colKmated laser 
beam <I) enters the systcan, ihe lalfivave plate PI a^Tists flie plane of 
polarisation, and the polarising beam spUtter (BS) spUts the modulated beam mto 
two perpendicular beams, -wifli relative intensities determined by PI, In one of 
the opfkal chaimels (lefl: diamiel in figure 6) a 45' oriented half-wave plate (P2) 
restoes the common polarisation plane for both beams. 

It is also possible to inqjlement this invaotion using only one 
physical channel. Figure 8 describes the configuration. Tlie second optical 
channel is flie virtual image of flie leal one given by the nmior R. There is no 
control of the relative intensities and flie minor M must be v^ close to fte 
rotational stage that contains the photosensitive material placed in flie image 
plane (A).. 
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Drawing DKirpiPTTftM 

Figwe i - Posilive thin lens witii focal lengths /and/' (object and image), an 
object plane A aid image plane A' making, lespectively. p and a degrees >Wth 
the peipendicular to I3ie optical axis. The distances so and aie the axial object 
and image distances. The points S and H are, lespecti vely. the points ivfaete Ae 
Sckemzpflug line and fbsffmge line intercept tiie plane of the drawing. 

Figure 2 - Same as. figure 1 wilh the thin lens rq>laced by a Mck lens wffli its 
principal planes (dashed lines) andpiincipal points P and P'.. The poims S and S' 
aie tie t^vo points whae tbe Scheimpfiug lines (image and object) intercept the 
plane of the Aawing. 

Figure 3 - Same as figute 2. The points H and IT a« fi« two points where the 
Hinge Imes (image and object) intercepts the plane of the diawing . 

Figure 4 - Vaiiatioa of lie magnification in the image plane as a fenction of the 
distance to the optical axis and flie tttting angle ;c ' is the distance to the optical 

axis in the image plane, and is the image plane inclmatibn angle wife respect 
to the optical axis noixnal. 



rigorc D ~ implementation based on two optical channels satis^ the 
Scheimpflug and the Hmge Sules with object physical locations Bl and B2, tV7b 
identical lenses Ll and JL2, animage plane Al^. two Fourier planes for spatial 
filtering Fl and F2 and the two Scheimpflug Rule intetsection pomts SI and S2. 

Figure 6 - Xmplanentation based on two optical channels satisfying the 
Schei^npflug and the Hinge mdes, with one object physical location B, a filtered 
and collimated polarised laser beam I, a polarising beam spfitter BS. two half- 
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wave plates PI and P2, thiee miuots M, Ml and M2, two identical lenses LI. and 

* ■ 

L2, an image plane A, two Fourier planes foi spatial filteiing Fl and F2, aad the 
two Scheimpflug Rule mtersecti(»i points S 1 and S2. 

liguie 7 ~ a) Oveil^ping of the imag^ given by the two optical cjiannels f<x a 
symmetric object; b) Ovei^ppmg of flie; images given by the two optical 
diamiels for a non-symmetric object; c) Compeasation of the non- symmetry with 
the cieation of a new symmetric olg'e^ 



Figure 8 - In^laneatation based on one optical channel sads^dng fte 
Schempjlug and tiie Hinge Rules with one object physical location B, a lens L. 
m image plane A, a Pouria planes for spatial filteiiag F, a nriiior M and the 
Schempfiug Bide intensetrtion point S . 
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CLAIMS 



1 A maskless optical setup to geneiate interfeiaice patterns 
•wifliia selected aieas of a photosesnsitive mateiial, without the need of any 
physical mask to delimitate the spatial exteat of the regist® of the interference 
pattan, ensming that the sunoimdiog area is not affected by light 

2 . An optical setq» as claim 1 that caismes that fbo time ii««ded 
to register aU the design polygonal pattenjs (that bnild up the conxplete optical 
device) is lineady proportional to ihe mmibei of coloms specified for the 
reference geometiy and not to tiie area oi to the mnnber of pixels vnQm the 
overall area of ^ optical deyioe., 

3. An op&cai seftip confignratibn that in^lemoits 4e claims I 
and 2 and that is based on Ae Schein5)flug and Hinge conditions, ensuring 
adequate sttpetposition h^eai different optical beams in an imaging 
conffguradoa. 

4. Three optical canfigmations that inqjiemait m i^actical 
terms fte above claims, based, respectively, on a) two object physical locations 
and two optical channels, b) one object physical location and two optical 
channels and c) one object phj-sical location and one optical channel. 
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Figure 1 
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Figaro 2 





Figure 4 
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Figure 6 
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